This study aimed to create an equation to predict peak oxygen uptake from data of the 6-minute walk/run test and demographic and anthropometric variables in adolescents. The results of the 6-minute walk/run (6WRT), peak oxygen uptake, height, body weight and body mass index (BMI) in 125 adolescents age 10 to 14, of which 66 were female, were assessed. They were divided into a validation and a cross-validation group. A linear regression analysis was conducted to assess the associations between the independent variables 6WRT, age, gender, anthropometric measurements and the dependent variable peak oxygen uptake in the validation group. The Bland-Altman method was used to test agreement between measured and estimated values. It was found that the best model to predict peak oxygen uptake included the 6-minute walk/run test, BMI, and gender. These variables presented a multiple correlation coefficient of 0.77 and a standard error of estimate of 3.99 [(mL/kg)/min]. The accuracy of the model was tested by applying the equation created in the validation group to the cross-validation group and total sample. The Bland-Altman method results did not indicate any systematic bias or heteroscedasticity in both the validation and cross-validation groups. In conclusion, our multiple regression equation [peak oxygen uptake = 41.946 + 0.022(6WRT) -0.875(BMI) + 2.107(gender)] is adequate for predicting peak oxygen uptake in adolescents age 10 to 14. 
Use of the 6-minute walk/run test to predict peak oxygen uptake in adolescents

AbstrAct
This study aimed to create an equation to predict peak oxygen uptake from data of the 6-minute walk/run test and demographic and anthropometric variables in adolescents. The results of the 6-minute walk/run (6WRT), peak oxygen uptake, height, body weight and body mass index (BMI) in 125 adolescents age 10 to 14, of which 66 were female, were assessed. They were divided into a validation and a cross-validation group. A linear regression analysis was conducted to assess the associations between the independent variables 6WRT, age, gender, anthropometric measurements and the dependent variable peak oxygen uptake in the validation group. The Bland-Altman method was used to test agreement between measured and estimated values. It was found that the best model to predict peak oxygen uptake included the 6-minute walk/run test, BMI, and gender. These variables presented a multiple correlation coefficient of 0.77 and a standard error of estimate of 3.99 [(mL/kg)/min]. The accuracy of the model was tested by applying the equation created in the validation group to the cross-validation group and total sample. The Bland-Altman method results did not indicate any systematic bias or heteroscedasticity in both the validation and cross-validation groups. In conclusion, our multiple regression equation [peak oxygen uptake = 41.946 + 0.022(6WRT) -0.875(BMI) + 2.107(gender)] is adequate for predicting peak oxygen uptake in adolescents age 10 to 14.
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IntroductIon
Cardiorespiratory fitness (CRF) is a major marker of health in children and adolescents.
1-2 This piece of evidence supports the importance of the assessing and monitoring this physical fitness component during childhood and adolescence. It is thus key to have valid alternative approaches available to measure CRF.
The assessment of peak oxygen uptake ( O 2 peak ) using direct methods (laboratory tests) is the gold standard to measure CRF in children and adolescents. However, it has limited use in school-and population-based studies because it is a time-consuming costly test requiring trained staff. 3 Indirect field tests are an alternative approach to this test.
Several indirect field tests have been validated to predict O 2 peak in children and adolescents. The two most widely used tests are the 1-mile walk test (1-MWT) and the 20-meter shuttle run test (SRT). The duration of these tests varies from individual to individual but they usually last more than eight minutes. Yet, there is evidence showing that O 2 peak can be reached within few minutes in children and adolescents. 4, 5 Thus, indirect field tests with a shorter duration than 1-MWT and SRT could be used to predict O 2 peak in children and adolescents. This is supported by Castro-Pinero et al. 3 who showed that the half-mile walk test (½-MWT) along with gender and body mass index (BMI) can be used to predict O 2 peak .
Similar to the 1-MWT, the purpose of the ½-MWT is to walk/run as fast as possible for 0.5 mile, so time to complete the test is different among individuals. When CRF is assessed as part of fitness test batteries such as AL-PHA, 6 EUROFIT, 7 Fitnessgram 8 , MOPER Fitness test, 9 and PROESP, 10 the collection of data in school-based studies can be affected because some individuals may, let us say, complete the test in 5 minutes while others may take 10 minutes to complete it. Thus, an alternative approach would be to use indirect field tests with a short duration but with the purpose of covering the longest distance within an allotted period so that all individuals would complete the test within the same time. This modified approach makes it easier planning and management of collected data in these studies. The aim of this study was to create an equation to predict O 2 peak using data from the 6-minute walk/ run (6WRT) in adolescents.
methods
This was part of a large study, "Cardiorespiratory field tests: validation and metabolic determinants in children and adolescents," approved by the Universidade Federal do Rio Grande do Sul research ethics committee (protocol number 2005461). There were assessed 125 students age 10 to 14, of which 66 were female, from three schools in the city of Porto Alegre, Brazil. The participants were randomly divided into a validation (70% of total sample; 87 students) and a cross-validation group (38 students). None of them were members of competitive sports team but they all attended physical education programs at their schools. They volunteered to participate in the study and their parents/guardians were asked to sign an informed consent form before entering the study.
In addition to age and gender, we assessed O 2 peak , 6WRT and anthropometric variables in all participants. The anthropometric measures included height and body weight. Height measurements were taken with a portable stadiometer (Seca ® , TBW, São Paulo, Brazil) and recorded in centimeters and rounded to the nearest millimeter. Body weight measurements were taken with a portable digital scale and rounded to the nearest 100 grams (Plenna ® , São Paulo, Brazil). Standard guidelines 11 were followed to measure these two anthropometric variables. Then body mass index (BMI) was calculated by dividing body weight in kilograms by the squared of height in meters (kg/m²).
O 2 peak was assessed with a MedGraphics Cardiorespiratory Diagnostic System (MGC/CPX-D model, St. Louis, USA) ergospirometer. To ensure the quality of measurements, the equipment was calibrated before each evaluation under controlled environmental conditions (temperature, barometric pressure and relative humidity of air). The temperature of the air-conditioned examination room was kept between 20 and 23ºC. The pneumotachograph flow-volume device was calibrated with a 3-liter calibration syringe. To ensure stability, gas was manually injected and ejected five times using different speeds. Finally, the gas analyzer was calibrated using two known gas mixture cylinders (standard reference and calibration). The standard reference cylinder contained a mixture of 5% CO 2 and 12% O 2 and the gas calibration one contained a mixture of 21% O 2 , both with super dry nitrogen.
As a preparation for testing, participants were fitted with a heart rate monitor and an ergoespirometric mask. A symptom-limited treadmill stress protocol was followed to measure O 2 peak . First, participants remained at rest for one minute and then were asked to walk on the treadmill at a speed of 6 kilometers per hour at no incline for a two-minute warm-up period. After warm-up, the treadmill speed was increased at half a kilometer per hour every 30 seconds (progressive ramp protocol). The participants were constantly encouraged to achieve their maximum performance. As they reached their maximum performance, the test ended and the treadmill speed was decreased to 5 kilometers per hour to slow down their heart rate and pulmonary ventilation. 12 O 2 peak measures were considered adequate when at least three of the following four criteria were met: 13 a) the participant seems exhausted or unable to keep running at the current speed; b) the participant's heart rate reached 90% of its predicted maximum; c) respiratory exchange ratio was equal to or greater than one; and/or d) oxygen uptake plateau was reached. O 2 peak was recorded as an absolute (liter per minute -L/min) and a relative measure to body weight [milliliter per kilogram per minute -(mL/kg)/min] values.
The purpose of the 6WRT was to run the longest distance within 6 minutes. The test results were recorded in meters. As in the incremental exercise test, participants were encouraged to achieve their maximum performance in the 6WRT.
The data collection process consisted of 4 steps. In step 1, the study objectives and procedure were explained to school staff and students and a start date was scheduled. In step 2, we enrolled students by age and gender for the 6WRT. They were given instructions and performed the test.
Step 3 took place 3 to 4 days later when all students were retested. The results of the second 6WRT were included in the data analysis. The last step 4 took place 5 to 7 days later when anthropometric variables and O 2 peak were assessed at the exercise laboratory of the study site.
For data analysis, it was first verified that the data was normally distributed. Descriptive statistics (mean and standard deviation) were used to summa-rize it and the independent t-test was performed to identify differences in the variables studied by gender and between the validation and cross-validation groups. Pearson's correlation coefficient was used to test the association between the variables and a linear regression analysis was conducted to estimate O 2 peak in the validation group. All variables with statistically significant correlation (p<0.05) with O 2 peak were included in the linear regression analysis. To verify the systematic accuracy of the equation created in the validation group, it was applied in the cross-validation group and total sample. A simple linear regression model was used to estimate the validity correlation (correlation between measured and estimated O 2 peak values) and the standard error of estimate (SEE). The differences between measured and estimated mean O 2 peak values in the validation and cross validation groups and total sample were assessed by paired sample t-test (systematic bias). The Bland-Altman method was used to assess the agreement between measured and estimated O 2 peak values in both groups; and Pearson's correlation coefficient to assess the association between the difference and the magnitude of measurement (heteroscedasticity). All statistical analyses were performed with the use of the Statistical Package for the Social Sciences (SPSS ® , SPSS Inc., IBM, Chicago, IL, US) for Windows version 20.0; the statistical significance was set at 5%.
results Table 1 shows the overall characteristics of participants by gender in the validation and cross-validation groups. There were no significant differences by gender except for BMI (p>0.05). For all other variables males had higher mean values than females (p<0.05). No statistically differences were found between validation and cross-validation groups for all variables studied (p>0.05). The Pearson's correlation coefficient showed that O 2 peak is inversely correlated to BMI (r=-0.38; p<0.05) and directly correlated to 6WRT (r=0.54; p<0.05) in total sample. Based on the results of gender comparison and correlation analyses, gender, BMI and 6WRT were included as independent variables in the linear regression model to predict O 2 peak . The results showed that the best model to predict O 2 peak in the validation group included 6WRT, BMI and gender ( When the equation created in the validation group was applied in the cross-validation group and total sample, the accuracy of the model was confirmed. Table 3 shows multiple correlation coefficients (R), coefficients of determination (R²) and SEE of estimated O 2 peak in the cross-validation group and total sample. The mean difference between measured and estimated O 2 peak values were lower than 0.4 [(mL/kg)/min] in the cross-validation group and total sample (Table 3) . The Figure (a and b) shows the agreement (Bland-Altman plots) between measured and estimated O 2 peak values in the validation and cross-validation groups. The results indicate that the proposed equation to estimate O 2 peak shows no systematic bias (p<0.05), and there was no association of the differ-ence between measured and estimated O 2 peak values with mean measured and estimated O 2 peak values (p<0.05) in both validation and cross-validation groups.
FIgure 1 -Agreement between measured and estimated peak oxygen uptake measures in the validation (Figure a) and cross-validation groups (Figure b) . The solid line represents the mean difference (bias) between measured and estimated peak oxygen uptake measures. Upper and lower dashed lines represent the 95% limits of agreement (mean difference ± 1.96 SD).
dIscussIon
Our study proposed a new regression equation to estimate O 2 peak from 6WRT, BMI and gender in adolescents age 10-14. The equation was created in a validation group and then tested in a cross-validation one. The results indicated that the new equation is valid to predicting O 2 peak . This is a major contribution as it allows to measuring and monitoring CRF in adolescents using a short test to estimate O 2 peak .
The results of our study are consistent with those of previous studies proposing an equation to predict O 2 peak [(mL/kg)/min] from indirect field tests. The mean results of the 6WRT for gender found in our study are similar to those reported by Van Mechelen et al. 14 showing that males had better test performance than females. However, the mean distances covered in the 6WRT in Van Mechelen et al.
14 study were greater than those in our study. This difference can be explained by not only sociocultural factors but also temporal aspects as secular trend studies showed that CRF of adolescents decreased in recent decades.
14 O 2 peak values found in our study are similar to [16] [17] [18] [19] or lower than 3, 14, [20] [21] [22] [23] those reported in other studies. Regardless of the magnitude of mean O 2 peak values reported in the above mentioned studies, O 2 peak was higher in males (p<0.05) than females. This finding supports the inclusion of the gender variable into equations to predict O 2 peak in adolescents or specific equations for each gender. A slightly lower correlation coefficient measure was found between O 2 peak and the 6WRT in the present study than that described in Van Mechelen et al.
14 study. The correlation coefficient measures between O 2 peak and different walk/run field tests in children and adolescents range from 0.50 to 0.85 [24] [25] [26] suggesting that walk/run field tests have a moderate to strong capacity to predict O 2 peak in children and adolescents. This piece of evidence supports the approach used in this study and other studies to include other variables associated to the run/walk field test to enhance the predictive capacity of O 2 peak .
Other studies have used regression models to predict O 2 peak from indirect field tests and other variables including gender, age, body weight, height, BMI and skinfold in samples of participants similar in age to those in our study. The indirect field test that has been most explored is the SRT and several approaches have been proposed especially those described by Mahar et al., 18 Barnett et al., 20 Matsuzaka et al., 23 and Léger et al. 27 The 1-MWT test was used in two proposed approaches. 17, 28 We did not found any other study that used 6WRT to predict O 2 peak . Nevertheless, Castro-Pinero et al. 3 proposed an approach to predict O 2 peak from a short test, the ½-mile walk test (½-MWT). The multiple correlation coefficient and standard SEE measures found in the above studies were similar to those found in our study (Table 4) . Although the propositions using the SRT showed the highest correlation coefficient and lowest SEE measures, Ruiz et al. 29 showed that, except for Barnett et al. 20 proposed approach, these approaches tend to underestimate O 2 peak . In addition, as the running speed increase at the end of each stage, children and adolescents should be familiarized with the SRT to ensure that the results can be used to predict O 2 peak . However, all proposed approaches to predict O 2 peak presented valid estimates.
About the approaches using the 1-MWT test, both presented valid predicted O 2 peak estimates. However, despite finding a lower multiple correlation coefficient than that reported by Buono et al., 28 Cureton et al. 17 proposed approach is the most widely used to predict O 2 peak and is recommended for Fitnessgram. 10 Castro-Piñero et al. 3 approach using the ½-MWT also showed a valid estimate to predict O 2 peak but it is a recently proposed equation based on an underused test. A comparison of our results to the literature showed similar correlation coefficients and SEE values suggesting that our approach can be an adequate estimate to predict O 2 peak in adolescents.
Similar to the ½-MWT, the 6WRT is not an indirect field test frequently used to measure CRF in adolescents. It has a limited use as show by Van Mechelen et al. 14 . They studied 82 adolescents (41 females) age 12-14 and compared the correlation coefficients for O 2 peak between SRT and 6WRT with those directly measured during maximal treadmill running. They found higher correlation coefficient measures for SRT.
Although the 6WRT is not commonly used in studies on CRF in adolescents, its use has some advantages, similar to those reported for the ½-MWT, as described by Castro-Piñero et al. 3 it is a short test that allows adolescents to keep running at the same pace and stay motivated during test performance.
In our study, the Bland-Altman method was applied to test the agreement between measured and estimated O 2 peak because this technique has been used to test agreement between two measures in recent studies. 3, 21 . Our results showed no difference (p>0.05) between measured and estimated O 2 peak (systematic bias) in the validation and cross-validation groups. Moreover, no association (p>0.05) was found between the difference and the magnitude of measurement (heteroscedasticity) in both groups. These findings, together with the linear regression results (R and SEE), reinforce the validity of our regression equation to estimate O 2 peak from the 6WRT, BMI and gender in adolescents age 10-14.
Our study has some limitations that need to be considered. First, our study used a sample of adolescents age 10 to 14 but most studies have investigated individuals age 7 to 17. And second, some variables were not explored in the study. As suggested by Castro-Pinero et al., 3 the 6WRT performance can be affected by genetic and behavioral factors, and running economy. Despite these limitations, our findings are representative and provide an alternative approach to predict O 2 peak in adolescents from primary outcome variables including the 6WRT, BMI and gender.
In conclusion, the equation created by linear regression analysis including the 6WRT, BMI and gender has adequate power. Moreover, the correlation coefficients, SEE, systematic bias and heteroscedasticity found in our study are similar those reported in other studies that proposed equations to predict O 2 peak from different indirect field tests to measure CRF. Finally, our study fills a gap in the literature by providing an alternative equation to predict O 2 peak from the 6WRT in adolescents.
